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Department of Food Science and Human Nutrition
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Abstract

lntroduction

Seeds of Phaseolus vulgaris L. beans were collected at weekly
intervals throughout maturation and examined by scanning electron microscopy (SEM). No major structural changes were
observed on the surface of the seed coat during the seven week
study period . A cross-sectional examination of the seed coat
revealed a substantial increase in thickness of the parenchyma
cell layer in young seeds followed by a dramatic decrease in
thickness as the seed approached maturity. In the coty ledons,
the diameter of the storage cells and starch granules increased
over time, with distinct protein bodies becoming visible only
in the later stages of maturity. An extensive vascular system
responsible for rapid delivery of water and nutrients to the cotyledons was observed in both immature and mature beans.

In recent years, both scanning electron microscopy (SEM)
and transmission electron microscopy (TEM) have been used
to study the microstructure of legume seeds. The susceptibility
of legume seeds to hardening is one reason for research interest
in legume microstructure. Two different types of hardness have
been observed in legumes- hardseed or hardshell and hard-tocook. Hardseed or hardshell legumes are seeds that do not imbibe water in a reasonable length of time (18-24 h). Hard-to-cook
legumes, on the other hand , imbibe water but do not soften even
after cooking. An increased understanding of seed microstructure will provide a better understanding of the causes of seed
hardness. Most recent research on legume microstructure has
focused on the cotyledons of mature seeds (McEwen et al., 1974;
Saio, 1976; Sefa-Dedeh and Stanley, 1979a; Silva and Luh, 1978;
Wolf and Baker, 1972). Microstructural changes occurring in
seeds during storage (Jackson and Varriano-Marston, 1981 ; SefaDedeh et al., 1979; Varriano-Marston and Jackson, 1981), water
imbibition (Sefa-Dedeh and Stanley, 1979c) and cooking (Rockland and Jones, 1974; Sefa-Dedeh and Stanley, l97'9b; Sefa-Dedeh
et a!. , 1978) have also been observed and reported.
Little research on the microstructural changes occurring during development and maturation of bean seeds has been reported
(Opik , 1968; Yeung, 1983). Most previous research on maturing
bean seeds has used TEM to study intracellular metabolic
changes occurring in the cotyledons. The objective of this
research was to use SEM to examine the microstructural changes
occurring in maturing common bean seeds (Phaseolus vulgaris
L. ). Attention was directed at changes occurring in both seed
coats and cotyledons.
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Materials and Methods
The beans studied (Phaseolus vulgaris L. , cv. Black Turtle
Soup) have black seed coats. The beans were grown at the
Washington State University Irrigated Agriculture Research and
Extension Center, Prosser, Washington , during the 1984 growing season . Plots were planted on June 6, 1984 and pods were
collected on fi ve separate dates in August and September. Seeds
were removed from the pods immediately after harvesting and
fi xed in an aqueous solution of 4 % formaldehyde and I% glutaraldehyde in phosphate buffer (pH 7.0). Prior to viewing with
SEM, seeds were postfixed in 4 % osmium tetroxide for 18 b and

Key Words: Seed microstructure, seed coat, cotyledons, scanning electron microscopy, common bean, Phaseolus vulgaris
L. , hard seeds, starch granules, protein bodies, vascular system,
parenchyma cells.
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Table 1. Microstructural changes in cell dimensions in the seed coat of maturing bean
seeds (Phaseolus vulgmis L.)
Maturity, days
after flowering

pfl

13

28.4 ±2.8

El

Pr 1

sc•

(~-tm)

14.3 ± 1.2

95.7 ±6.1

138.4

Figure
number
2A

19

34.4 ± 1.0

17.1±1.5

191.9 ±4.7

243.4

2B

28

34.6 ±3.6

18.9 ± 3.0

91.9±5.4

145.4

2C

35

40.3 ± 1.1

25.1 ±1.0

77.0±3.5

142.4

20

49

38.1 ±1.0

24.6 ±3.0

29.8 ±4.6

92.5

2E

lpl = Palisade, E = Subepidermal , Pr
a Bioquant II image analysis system.

=

Parenchyma and SC

=

Seed Coat. Measurements were made using

mature, a seed coat pattern increasing in distinctiveness and complexity becomes visible (Figs. lB-E). Increased pressure between the seed coat and endocarp appears to be responsible for
the characteristic fingerprint development on the seed coat surface as the seed matures.
Wolf et al. (1981) studied the seed coat surface of thirty-three
cultivars of soybeans (Glycine max), and noted a wide variety
of characteristics including pits , cracks and surface deposits.
No pits or cracks were observed in the seed coats of maturing
Phaseolus vulgaris L. seeds, though some scattered surface
deposits were noted (Fig . lC) . The composition of the surface
deposits was not ascertained .
Seed coat cross-section
SEM has been used to evaluate cowpea (Sefa-Dedeh and
Stanley, 1979a) , soybean (Wolf and Baker, 1972) , adzuki bean
and common bean (Sefa-Dedeh and Stanley, 1979b ; Swanson
et al. , 1985) seed coats in cross-section . Several cell layers have
been observed in the different legumes and a different nomenclature is reported for each. Three distinctive cell layers are visible in the seed coat of the common bean - the palisade, subepidermal and parenchyma cell layers.
Palisade cells are long , columnar cells which make up the
outermost cell layer of the seed coat. Subepidermal cells are
somewhat shorter columnar cells that lie immediately beneath
the palisade layer (Fig. 2A). Subepidermal cells are also commonly referred to as pillar or hourglass cells if they exhibit a
characteristic pillar or hourglass shape (Esau, 1977). Approximately 10-15 layers of parenchyma cells make up the innermost
portion of the seed coat that lies closest to the embryo (Fig.
2A) . Both the palisade and subepidermal layers consist of a
single layer of tightly packed cells. Both cell layers increase
slightly in length as the seed matures (Table 1) , but do not
undergo any major structural changes (Figs. lA and E).
The parenchyma layer, in contrast, consists of 10-15 layers
of irregularly shaped , randomly organized cells with frequent
intercellular spaces (Fig. 2A). During the early stages of seed
development (13-19 dafter flowering) , the parenchyma layer is
2-5 times thicker than the palisade and subepidermal layers
(Figs. 2A and B). As maturation progresses (28-35 d after

dehydrated in a graded ethanol series (30- 100 %). As a control
for swelling and other possible effects of aqueou s fixation , one
group of mature seeds was not fixed. After harvest , seeds not
fixed were stored over a desiccant and later dehydrated in 100 %
ethanol. All seeds were freeze-fractured in liquid nitrogen with
a razor blade , critical point dried in carbon dioxide (Bomar
SPC-1500), and sputter-coated with 300 A gold (HummerTechnics). Fractured seeds were observed and photographed
with an ETEC U-1 scanning electron microscope (Hayward,
CA) at 20 kV.
Results and Discussion
Seed coat surface
Seed coats serve as a protective barrier between the embryo
(cotyledons) and the external environment. The seed coat protects the nutrient-rich cotyledons from microorganisms and other
pests , as well as fungal contamination . Often the exterior surface of the seed coat contains a distinctive pattern or "fingerprint" (Wolfet al. , 1981). The fingerprint is formed during seed
development by pressure between the seed coat and the endocarp, the innermost layer of the pod wall. Seeds of many plant
species have distinctive species-specific seed coat patterns. Seeds
of various cultivars of the same species have few distinctive differences, but often can be identified by seed coat pattern. SEM
has been used extensively to study seed coat pattern for purposes of seed identification. Using SEM, Banerjee and Chauhan
(1981) were able to demonstrate how the pattern on the surface
of the grain (caryopsis) of wheat (Triticum spelta) genetically
evolved from its progenitors.
Observations of the seed coat surface of maturing Phaseolus
vulgaris L. seeds revealed the characteristic pattern which
developed as the seeds matured (Figs. lA-E) . The seed coat surface of the youngest seeds appears to be covered with small,
pebble-like bumps (Fig. lA), but does not exhibit the distinctive pattern that characterizes mature seeds. The absence of a
distinctive seed coat pattern in young seeds probably results from
the seeds being so small that no pressure had yet developed
between the seed coat and the endocarp. However, as the seeds
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Fig. 1. (above & left) Exterior of seed coat of developing
Phaseolus vulgaris L. bean seeds. Micrographs were taken
of seeds harvested at: A = 13 d, B = 19 d, C = 28 d, D
= 35 d, and E = 49 d after flowering. Bar = 10 p.m.
Fig.2. (above & right) Cross-sectional view of seed coat of
developing Phaseo/us vulgaris L. bean seeds. Micrographs
were taken of seeds harvested: A = 13 d, B = 19 d, C =
28 d, D = 35 d and E = 49 d after flowering. The palisade
(L) subepidermal (E), and parenchyma (R) layers are visible. Bar = 10 p.m.
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granules expanding and rupturing the plastid membrane when
the granules become larger than the plastid. Some of the thin
fragments present on the surface of the starch granules may be
remnants of ruptured plastid membranes (Fig. 3F, arrow). As
the embryos mature, both the size and number of starch granules
increase (Fig. 3; Table 2).
The overall size of bean cotyledon cells also increases as maturation progresses (Table 2). In developing seeds (13-19 dafter
flowering) , several intercellular spaces (I) surrounded each cell
(Figs. 3A and 3B), but the intercellular spaces disappear as the
seed matures (28-35 d) due to pressure from expanding cells
(Figs. 3C and D).
In seeds fixed in the aqueous glutaraldehyde-formaldehyde
solution, cotyledon cells are increasingly resistant to freeze fracturing as the seeds mature. In young seeds (13-19 d ; Figs. 3A
and B) , fracturing occurred through the cells, revealing internal starch granules, plastids and protein bodies. However, as
the seeds matured , cotyledon cells were increasingly resistant
to fracturing; some cells fractured while others remained intact
leaving visible the exterior of the cytoplasm separated from the
cell wall (Figs. 3C and D). Finally, in mature beans (49 d) fixed
in aqueous solution , many cotyledon cells were resistant to fracturing, limiting observation to the exterior of the cytoplasm, cell
walls and a few isolated starch granules (Fig. 3E). Though interesting artifacts may have been created, the resistance of mature
cells to fracturing appears to be a result of aqueous fixation .
In the control group of unfixed mature beans, fracturing occurred through the cells, and starch granules and protein bodies
were readily visible (Fig. 3F) .
Another interesting structural feature in aqueous fixed cotyledo ns is the finger-like projections or pegs extending from the
exte rior of the cotyledon cells (Fig. 4A). The finger-like projections appear too large to be individual plasmadesma , protoplasmic bridges that pass through the cell wall and connect contiguous cells. However, the projections may be pit fields where
groups of pl asmadesmata pass through the cell wall together.
The presumed pit fields were visible only in aqueous-fixed
seeds in which cell walls were removed by freeze-fracturing,
leav ing the exterior of the cytoplasm visible. In some instances,
the cell wall was only partially removed or separated from the

Table 2. Microstructural changes in the cotyledons of
maturing bean seeds (Phaseolus vulgaris L.)

Maturity,
days after
flowering

Mean cell
diameter!
(J-tm)

Mean starch
granule
diameter 1
(J-tm)

Figure
number

13
19
28
35
49

51.7 ± 10.9
53.3 ± 19.7
54.7 ± 11.3
58.2 ±9.3
62.1 ±12 .5

12 .6±6. 1
13.3 ± 1.4
15.7 ±2.9
20.7 ±3.7
19.8 ±4.9

3A
3B
3C
30
3E, 3F

1Measurements were made using a Bioquant II image
analysis system.

flowering) , the size of the entire seed increases, and the thickness of the parenchyma layer decreases (Figs. 2C, D, and E;
Table 1) . The parenchyma layer is thickest (100-190 J-tm) during
the period of greatest seed growth , but the cells disintegrate and
the layer is compressed as the seed approaches full size and
seed growth slows. It is generally believed that the seed coat
functions solely as a protective covering for the embryo. However, in using TEM to study the branched parenchyma cells of
maturing Phaseolus vulgaris L. seeds, Yeung (1983) observed
a great deal of metabolic activity including dilation of endoplasmic reticulum c isternae and an increase in abundance of
other cytoplasmic organelles. As a result , Yeung (1983) theorized
that the seed coat may supply nutrients to the embryo. Increased
thickness in the parenchyma layers of young seeds, as observed
with SEM , appears to support the theory that in addition to
serving as a protective barrier, the seed coat may play a nutritive
role and may be important in controlling development of the
embryo (Yeung, 1983).
In mature beans, the parenchyma laye r has been compressed
to approximately the same thickness (30 J-tm) as each of the two
outermost layers (Fig. 2E ; Table I). Because of the compression
of the parenchyma layer, the total thickness of seed coat
decreases as the seed approaches maturity and seed growth slows
(Table 1) .
Microstructure of cotyledons
More research has been reported on the microstructure of
legume cotyledons than on legume seed coats. Cotyledons have
been of particular interest for researchers investigating the causes
of "hardness" in legumes (Saio, 1976 ; Sefa-Dedeh et al., 1979 ;
Yarriano-Marston and Jackson, 1981) .
Bean cotyledons contain large (10-50 J-tm) spherical starch
granules and small (5-10 J-tm) round protein bodies embedded
in a protein matri x. Starch granules are present throughout
maturation , di stinct protein bodies only became evident during
the later stages (35-49 dafter flowering ; Figs. 30 and F) . Studying maturing Phaseolus vulgaris L. seeds, Opik (1968) also
observed that protein bodies become visible later than starch
granules.
In young seeds (13 d) , both starch granules and plastids are
present. The starch granules resist fracturing and retain a characteristic spherical shape, while plastids are fractured (Fig. 3A) .
Starch granule synthesis is initiated in the plastids, with the starch

Fig. 3. Microstructure of the cotyledons of developing Phaseolus vulgaris L. bean seeds, harvested at: A = 13 d, 8 =
19 d, C = 28 d, D = 35 d, and E and F = 49 d after flowering. Starch granules (S), protein bodies (P), plastids (T),
intercellular spaces (I) and cell walls (C) have been identified. The arrows in C point to separations between cell wall
and exterior of the cytoplasm. Arrow in F points to a possible remnant of a ruptured plastid membrane. Figs. A, 8,
D, E and F, bar = 10 J-tm; Fig. C, bar = 20 J-tm.
Fig. 4. Cotyledon cells of Phaseolus vulgaris L. bean seeds.
Fig. 4A illustrates separation between cell wall and exterior
of the cytoplasm. Fig. 48 illustrates the interior of a cell wall
after the cytoplasm has been removed. The cell wall (C), presumed pit fields (D) and middle lamella (M) have been identified. Arrows point to holes where pit fields passed through
the cell wall; the asterisk(*) shows the channel left by removal
of the middle lamella. Bar = 10 J-tm.
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cytopl as m (Fig. 3C, arrows) . In a cotyledo n cell where the cell
wa ll has been sepa rated fro m the cy toplasm , small ope nings or
ho les can often be observed whe re pit fi e ld s are pres umed to
have passed thro ugh the ce ll wa ll (Fig. 4A, arrow). Examining
the inte ri o r of a cotyledo n cell a fter the cytopl as m has been
removed also revea ls small ho les whe re pit fie lds from the extrac ted cytopl as m appea r to have passed thro ug h the ce ll wall
(F ig. 4B, arrow). Long strips of what appea rs to be middle
lame lla are al so present (Fig. 4B). The middl e lamell a is a pectin aceo us intercellul ar laye r res ponsible fo r cementing conti g uo us cell s together (Esa u , ICJ77) . Strips of pres umed middl e
la me ll a appea r to be res po nsibl e fo r the channels (Fig. 4A ,
aste ri sk) in the exte ri o r of the cytopl as m whe re pit field s are
not present.

Vascular system
The vascul ar system , whi ch prov ides rapid transpo rt of nutr ients and wate r fro m the pl ant to cotyledo n storage cell s, is
a lso visibl e in the cotyledo n (Fig. 5). The vasc ul ar system is
made up of xylem , which transpo rts water and ions, and phloem ,
which transports o rganic materi als including nutrients. Although
certain aspects of the rol e of the vascular system in legume seeds
have been studied , a comprehensive investigation is lac king. Corne r (1951) reported g reat va ri ati on in the vasc ul ar suppl y syste m s of diffe rent legume seeds, and di ag rammed a few of the
mo re common systems. Tho rn e (1981) used TEM and SEM to
stud y the vasc ul a r system in soy beans in an attempt to determine the proba bl e pathways of photosynthate transpo rt .
Po rtions of the vasc ul ar syste m in the embryo of Phaseolus
vulgaris L. seeds are readil y v is ibl e 28 d a fte r fl owe ring. The
vasc ul a r system appears to develop and become mo re e labo rate
as the seed matures, with a complex , highl y developed vasc ular
syste m be ing ev ident in full y mature seeds 49 d after fl owe ring
(Figs. SA and B).

Conclusion
Significant structural changes occur in the seed coat and cotyled o ns of develo ping commo n bean seeds. In the seed coat , inc reased thic kness of the parenchyma laye r during the pe ri od of
g reatest seed g rowth is of parti cular inte rest , indicating that
pare nchyma cells may be invo lved in nutrient sto rage and/o r
suppl y ing nutri ents to g rowing cotyledons. In cotyledons, the
ove rall size of storage cell s and starch granules inc reased as
deve lopment progressed , with protein bodies becoming evident
later than starch granules. Relatively little is known about the
mic rostructure of the vascular system that supplies water and
nutrients to bean cotyledons. However, the vascular system does
a ppear to become more elaborate as the seed matures.

Fig. 5. Vascular system of the cotyledon of Phaseolus vulgaris
L. bean seeds. A, B and C are of fully mature seeds (49 d
after flowering). Both phloem (H) and xylem (X) are visible. Figs. A and C, bar = 10 JJ.m; Fig. B, bar = 20 JJ.m.
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structural features: Pits, deposits and cracks. Scanning Electron Microsc. 1981; III: 531- 534.
Yeung EC. (1983). Development changes in the branched
parenchyma cells of bean seed coat. Protoplasma 118, 225-229.
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Discussion with Reviewers

E. Varriano-Marston: What was the moisture content of the
seeds after removal from the pod? If they were 14 % or less ,
then one need not dehydrate with ETOH. Just fracture and
observe with SEM.
Authors: The moisture content of the seeds was about 5 %, yet
dehydration and preparation without dehydration , either or both
are appropriate.
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E. Varriano-Marston: In regard to the finger-like projections
extending from the exterior of cotyledons fixed in aqueous solution (Fig. 4A), we have also observed these projections in aged
beans that were not subjected to any aqueous treatment.
Authors: Thank you.
K. Saio: There are area-to-area differences on the surface of
the seed coat even in one seed . What area of the seed coat was
observed in this experiment? Are differences between Figures
IC-E due to maturation or to area examined?
Authors: An attempt was made to orient fractured bean seeds
so that seed coat adjacent to the hilum was observed. We believe
the observed differences are a result of maturity differences and
not a result of observing different areas of the seed coat.
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